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The introduction of Dark Matter-neutrino interactions modifies the Cosmic Microwave Back-
ground (CMB) angular power spectrum at all scales, thus affecting the reconstruction of the cos-
mological parameters. Such interactions can lead to a slight increase of the value of H0 and a
slight decrease of σ8, which can help reduce somewhat the tension between the CMB and lens-
ing or Cepheids datasets. Here we show that it is impossible to solve both tensions simultaneously.
While the 2015 Planck temperature and low multipole polarisation data combined with the Cepheids
datasets prefer large values of the Hubble rate (up to H0 = 72.1+1.5−1.7km/s/Mpc, when Neff is free to
vary), the σ8 parameter remains too large to reduce the σ8 tension. Adding high multipole Planck
polarization data does not help since this data shows a strong preference for low values of H0, thus
worsening current tensions, even though they also prefer smaller value of σ8.
I. INTRODUCTION
In the standard cosmological framework, dark matter
is assumed to be collisionless. In practice this means that
one arbitrarily sets the dark matter interactions to zero
when predicting the angular power spectrum of the Cos-
mic Microwave Background (CMB). However this treat-
ment is at odds with the principle behind dark matter di-
rect and indirect detection, where one explicitly assumes
that dark matter (DM) interacts with ordinary matter.
This is also in contradiction with the thermal hypothesis
which relies on dark matter annihilations to explain the
observed dark matter relic density.
A more consistent approach consists in accounting for
dark matter interactions and test whether they can be
neglected by looking at their effects on cosmological ob-
servables. DM interactions in the early Universe damp
the primordial dark matter fluctuations through the col-
lisional damping mechanism [1–3]. They also affect the
evolution of the other fluid(s) which the DM is interacting
with. The two effects simultaneously impact the distri-
bution of light and matter in the early Universe [4] and
eventually affect structure formation in the dark ages [6].
They can also modify how our own cosmic neighborhood
should look like [19, 20, 49–51] and change the estimates
of the cosmological parameters needed to account for the
observed CMB anisotropies.
The so-called "cut-off" scale at which one notices de-
partures from the Lambda+Cold DM model (LCDM)
predictions in the matter power spectrum is governed
by the ratio of the elastic scattering cross section (corre-
sponding to the dark matter scattering off the species i,
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normalised to the Thomson cross section σT ) to the dark
matter mass. We refer to this ratio as
ui =
σDM−i
σT
( mDM
100GeV
)−1
.
The larger ui, the higher the cut-off scale [2–4].
Dark matter-radiation interactions is the most inter-
esting case among all interacting DM scenarios. Since
radiation dominates the energy in the Universe for a
very long time, such interactions erase the dark mat-
ter fluctuations on relatively large-scales for u  1 and
also change the way the CMB looks like across the sky
[2–5, 7–15]. Dark matter-baryon and dark matter self-
interactions can also erase the DM fluctuations but the u
ratio needs to be of order 1 to produce the same effects as
the one considered here [2, 3], given that there are many
less baryons than radiation in the Universe and baryons
are non-relativistic.
In what follows, we focus on Dark Matter-neutrino in-
teractions and study their impact on the cosmological pa-
rameters (in particular the Hubble rate H0, the effective
number of relativistic degrees of freedom Neff and the lin-
ear matter power spectrum value at 8 Mpc, σ8). Previous
analyses [28] indicated that Dark Matter-neutrino inter-
actions prefer higher values of H0 with respect to LCDM
estimates. The higher Neff , the higher H0. Therefore we
investigate whether DM-ν interactions could at least par-
tially solve the current tensions arising between the CMB
and late-time (i.e. strong lensing [42] and Cepheids [32])
measurements of the H0 value. We also study whether
DM-ν interactions could reduce the tension between the
CMB-inferred value of σ8 and large-scale-structure sur-
veys, owing to the damping they induce.
In what follows, we consider the Planck 2015 data from
the full mission duration, both the recommended Tem-
perature plus low multipole polarisation information, as
well as the complete spectral information, thereby in-
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2cluding also the high multipole polarisation information
which the Planck team considers as preliminary due to
the presence of small but detectable low level residual sys-
tematics of O(1) µK2 [26]. We briefly remind the reader
of the expected impact of the DM interactions on the
cosmological parameters in Section II. In Section III, we
present the method used to analyze the data and give
the results in Sections IV, V and VI. We conclude in
Section VII.
II. IMPACT OF THE DM-ν INTERACTIONS
ON THE COSMOLOGICAL PARAMETERS
The Dark Matter-neutrino interactions have five dis-
tinct effects on the temperature and polarisation angular
power spectra. These were explained in Ref. [28] and can
be seen in Fig. 1.
Schematically, one can understand the impact of a DM-
ν coupling on the cosmological parameters as follows.
On one hand, the DM-ν interactions induce a damp-
ing of the DM fluctuations at small-scales (i.e. at high
multipoles). On the other hand, they prevent the neu-
trino free-streaming, till the neutrinos kinetically decou-
ple from the DM. This last effect enhances the peaks
at low multipoles, where the CMB temperature angular
power spectrum is best measured. The greater the elastic
scattering cross section (or the lighter the dark matter),
the more pronounced are these two effects. Hence the
fit to the data imposes an upper limit on the strength of
these interactions.
The enhancement of the first few peaks is less pro-
nounced in a younger Universe. Hence scenarios with
DM-ν interactions are compatible with the data, when
the value of H0 is larger than the value estimated using
the LCDM model. One should also observe a damping of
the DM primordial fluctuations at small-scales because
of the impact of neutrinos on the DM fluid. This ef-
fect translates into a damped oscillating matter power
spectrum [4] and thus leads to a smaller value of the σ8
parameter than that in the LCDM scenario.
Finally, we note that the difference in TE spectra be-
tween u = 10−3 and u = 10−4 is of the order of the same
order of magnitude as Planck sensitivity (e.g. O(1) µK2).
Therefore Planck’s angular power spectra alone are not
sufficient to establish a preference for lower values of the
u ratio. However the suppression of power that such
values (u = 10−3 and u = 10−4) induce in the matter
power spectrum are very different. Using the σ8 value
together with the angular power spectra, we can rule out
u = 10−3.
III. METHOD
The Boltzmann equations in presence of Dark Matter-
neutrino interactions were given in e.g. Ref. [8, 9].
To ensure the full treatment of the Boltzmann hierar-
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Figure 1. The temperature and polarization CMB angular
power spectra in the presence of Dark Matter-neutrino inter-
actions.
3chy, we use a modified version of the Boltzmann code
class1 [29, 30], that incorporates the Dark Matter-
neutrino interactions [28]. We perform our analysis in
three main steps.
In our first analysis, we use the six cosmological pa-
rameters of the Standard Model (namely the baryonic
density Ωbh2, the dark matter density Ωch2, the ratio
between the sound horizon and the angular diameter dis-
tance at decoupling Θs, the reionization optical depth
τ , the spectral index of the scalar perturbations nS, the
amplitude of the primordial power spectrum AS) plus the
ratio u ≡ uν = σDM−ν/mDM.
In a second step, we consider eight free parameters,
i.e the seven parameters mentioned above + either the
effective number of relativistic degrees of freedom Neff or
the total neutrino mass Σmν . Our rationale for doing
this is that adding a dark radiation component (Neff >
3.046 [34]) as in Ref. [28, 35, 36] or allowing the sum of
the neutrino masses Σmν to depart from the benchmark
value taken by the Planck collaboration (Σmν = 0.06 eV)
could reduce current tensions on the age of the Universe.
Our last analysis uses nine free parameters, namely the
seven mentioned above + Neff + Σmν . Note that we use
a logarithmic prior to constrain the u parameter and flat
priors for the other parameters (i.e. Ωbh2, Ωch2, Θs, τ ,
nS, AS, Neff and Σmν).
To understand the impact of the polarisation data, we
start by analysing the full range of the 2015 temperature
power spectrum (2 ≤ ` ≤ 2500) plus the low multipoles
polarization data (2 ≤ ` ≤ 29) [26]. We will refer to
this analysis as the “Planck TT + lowTEB” datasets.
We then perform a second analysis, which we will refer
to as “Planck TTTEEE + lowTEB”, where we include
the Planck high multipole polarization data [26]. Fi-
nally, we perform a third analysis where we include the
2015 Planck measurements of the CMB lensing poten-
tial power spectrum Cφφ` [27]. This last analysis will be
referred to as the “lensing” dataset.
The scenarios for which the H0 tension between the
model-dependent Planck value and that inferred from
the observations of Cepheids variables [32] appears to
be less than 2σ are analysed again. This time, we
assume a Gaussian prior on H0 (i.e. H0 = 73.24 ±
1.75 km s−1 Mpc−1) and refer to this set of analysis as
“R16”.
IV. RESULTS BASED ON THE “PLANCK TT +
LOWTEB” DATASETS ONLY
We now present the results of our analyses using the
Planck low multipole polarisation data. The 68% confi-
dence level (c.l.) limits on the cosmological parameters
for the DM-ν scenario are shown in Table I. For compar-
ison, we also display the 68% c.l. constraints obtained by
1 class-code.net
the Planck collaboration [33] for collisionless LCDM2 in
Table II.
”Weak” interactions are expected to erase primordial
scales which have not been observed yet. Hence our anal-
ysis is bound to exclude only the strongest DM-ν inter-
actions. This translates into an upper bound on the u
parameter of u < 10−4.1 (or u < 10−4.0, using the lensing
datasets), corresponding to a DM-ν elastic cross section
of σ ' 3− 6 10−31 (mdm/GeV) cm2. This result is simi-
lar to the limit derived in Ref. [52], using the 2013 Planck
temperature data. Furthermore, we find that the Planck
data prefer low values of the Hubble constant H0, even in
the presence of DM interactions (see Table. I). This is at
odds with the conclusions from Ref. [11] but a possible
explanation is that the 2013 Planck data relied on the
(low l) WMAP polarisation data, while the 2015 Planck
data rely on Planck’s polarisation data.
We observe in addition that the introduction of the
DM-ν interactions breaks the well-known degeneracy be-
tween H0 and the clustering parameter σ8. The Hubble
constant slightly increases while the clustering parame-
ter σ8 slightly decreases in presence of such interactions.
For example, we find σ8 = 0.825 +0.014−0.015 (see the first col-
umn of the Table I) while the Planck collaboration found
σ8 = 0.829 ± 0.014 using the same dataset combina-
tion (see the first column of the Table II) for collisionless
LCDM.
When we allowNeff to vary, we obtainNeff = 3.14 +0.32−0.35
for Σmν = 0.06 eV (see the third column of the Ta-
ble I and Fig. 2). This result is a bit higher than
the Standard Model value (Neff = 3.046) but it does
remain compatible with it nonetheless. The Hubble
rate then shifts from H0 = 68.0 +2.6−3.0 km s
−1 Mpc−1 to
H0 = 68.3
+2.6
−3.2 km s
−1 Mpc−1 (see the third columns
of Table II and Table I respectively). In this case, the
tension between the local measurements of H0 (H0 =
73.24±1.75 km s−1 Mpc−1) [32], and the Planck ΛCDM
value [33] is somewhat reduced. Therefore we can reason-
ably combine the Planck datasets with the R16 datasets
and perform a new analysis. The results are given in
Table V.
The introduction of DM-ν interactions is also compat-
ible with heavier neutrinos. This is an important point
since it was noted in Ref. [36–38] that massive neutri-
nos could alleviate the tension between Planck and the
weak lensing measurements from the CFHTLenS survey
[39, 40] and KiDS-450 [41]. Assuming DM-ν interactions
and the Planck TT + lowTEB + lensing dataset, we ob-
tain Σmν < 1.6 eV at 95% c.l. (see the sixth column of
Table I) instead of Σmν < 0.675 eV for LCDM (see the
sixth column of Table II).
For that same combination of datasets (Planck TT +
lowTEB + lensing), both the Hubble constantH0 and the
2 https://wiki.cosmos.esa.int/planckpla2015/images/f/f7/
Baseline_params_table_2015_limit68.pdf
4ΛCDM + u + Neff + Neff + Σmν + Σmν + Neff + Σmν + Neff + Σmν
Parameter Planck TT Planck TT Planck TT Planck TT Planck TT Planck TT Planck TT Planck TT
+ lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing
Ωbh
2 0.02224 +0.00023−0.00024 0.02226
+0.00027
−0.00026 0.02232
+0.00037
−0.00041 0.02234
+0.00035
−0.00040 0.02214
+0.00027
−0.00026 0.02217 ± 0.00029 0.02219 +0.00043−0.00044 0.02224 +0.00037−0.00042
Ωch2 0.1195
+0.0022
−0.0023 0.1186
+0.0021
−0.0022 0.1205
+0.0039
−0.0045 0.1197
+0.0039
−0.0041 0.1200
+0.0025
−0.0026 0.1195
+0.0024
−0.0025 0.1206 ± 0.0046 0.1206 +0.0038−0.0041
τ 0.079 +0.018−0.020 0.070
+0.015
−0.018 0.083
+0.018
−0.024 0.074
+0.016
−0.021 0.080
+0.018
−0.020 0.074
+0.018
−0.019 0.083
+0.021
−0.024 0.077
+0.017
−0.022
ns 0.9652
+0.0066
−0.0065 0.9667
+0.0071
−0.0065 0.969
+0.015
−0.017 0.971
+0.014
−0.017 0.9623
+0.0083
−0.0082 0.9640
+0.0077
−0.0083 0.965 ± 0.018 0.968 +0.015−0.017
ln(1010As) 3.091
+0.034
−0.039 3.071
+0.027
−0.033 3.100
+0.040
−0.053 3.080
+0.034
−0.044 3.094
+0.035
−0.039 3.080
+0.033
−0.034 3.101
+0.042
−0.054 3.089
+0.036
−0.046
H0[Km s−1 Mpc−1] 67.5 ± 1.0 67.8 ± 1.0 68.3 +2.6−3.2 68.7 +2.4−3.0 65.7 +2.6−1.9 66.2 +2.2−1.9 66.2 +4.0−3.7 67.0 +3.3−3.5
σ8 0.825
+0.017
−0.016 0.814
+0.014
−0.012 0.830
+0.021
−0.025 0.819
+0.019
−0.021 0.788
+0.054
−0.033 0.787
+0.036
−0.030 0.792
+0.060
−0.040 0.791
+0.041
−0.031
u < −4.1 < −4.0 < −4.0 < −4.0 < −4.0 < −4.1 < −4.0 < −4.0
Neff 3.046 3.046 3.14
+0.32
−0.35 3.15
+0.28
−0.33 3.046 3.046 3.10 ± 0.35 3.14 +0.30−0.33
Σmν [ eV ] 0.06 0.06 0.06 0.06 < 2.0 < 1.6 < 2.2 < 1.6
Table I. 68% CL constraints on cosmological parameters with interactions, for the Planck TT + lowTEB and the Planck TT
+ lowTEB + lensing combination of datasets. When only upper limits are shown, they correspond to 95% c.l. limits.
ΛCDM + Neff + Neff + Σmν + Σmν + Neff + Σmν + Neff + Σmν
Parameter Planck TT Planck TT Planck TT Planck TT Planck TT Planck TT Planck TT Planck TT
+ lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing
Ωbh
2 0.02222 ± 0.00023 0.02226 ± 0.00023 0.02230± 0.00037 0.02232 +0.00035−0.00039 0.02213 ± 0.00027 0.02211± 0.00026 0.02215 ± 0.00041 0.02212± 0.00041
Ωch2 0.1197 ± 0.0022 0.1186 ± 0.0020 0.1205 ± 0.0041 0.1195 +0.0037−0.0043 0.1202 ± 0.0024 0.1199 +0.0023−0.0026 0.1205 ± 0.0039 0.1201 ± 0.0039
τ 0.078 ± 0.019 0.066 ± 0.016 0.080± 0.022 0.069 ± 0.020 0.080 ± 0.020 0.075 ± 0.018 0.081 ± 0.021 0.076 ± 0.20
ns 0.9655 ± 0.0062 0.9677 ± 0.0060 0.969 ± 0.016 0.971 ± 0.015 0.9637 ± 0.0071 0.9640 ± 0.0068 0.965 ± 0.016 0.965 ± 0.016
ln(1010As) 3.089 ± 0.036 3.062 ± 0.029 3.096 ± 0.047 3.070 ± 0.042 3.095 ± 0.038 3.083 ± 0.035 3.098 ± 0.046 3.085 ± 0.044
H0[Km s−1 Mpc−1] 67.31 ± 0.96 67.81 ± 0.92 68.0 +2.6−3.0 68.5 +2.5−3.0 65.6 +3.1−1.4 65.2 +3.2−2.0 65.8 +4.5−3.3 65.3 +4.2−3.8
σ8 0.829 ± 0.014 0.8149 ± 0.0093 0.834 +0.022−0.025 0.820 +0.018−0.021 0.796 +0.057−0.023 0.776 +0.047−0.025 0.796 +0.065−0.030 0.777 +0.052−0.035
Neff 3.046 3.046 3.13
+0.30
−0.34 3.13
+0.29
−0.34 3.046 3.046 3.08 ± 0.31 3.07 ± 0.31
Σmν [ eV ] 0.06 0.06 0.06 0.06 < 0.715 < 0.675 < 0.725 < 0.677
Table II. 68% CL constraints on cosmological parameters without interactions, for the Planck TT + lowTEB and the Planck
TT + lowTEB + lensing combination of datasets. When only upper limits are shown, they correspond to 95% c.l. limits.
clustering parameter σ8 increase with respect to the Stan-
dard Model (ΛCDM + Σmν) value. However, the value
of σ8 thus obtained remains small enough to partially
reduce the tension with the weak lensing measurements.
We obtain σ8 = 0.787 +0.036−0.030 which is much lower than the
Planck value σ8 = 0.8149±0.0093, which was reported by
the collaboration for LCDM only (i.e LCDM + fixed val-
ues of Neff and Σmν) using the Planck TT + lowTEB +
lensing dataset. Using the Planck TT+lowTEB dataset
only and the definition S8 ≡ σ8
√
Ωm/0.3, we find
S8 = 0.826
+0.033
−0.028. Hence adding the DM-ν interactions
does reduce the tension with the KiDS-450 measurements
(S8 = 0.745± 0.039 [41]), to about 1.7σ.
Finally, varying Neff and Σmν simultaneously allows
to reduce the H0 and σ8 tensions. Using the Planck TT
+ lowTEB datasets, we find that H0 = 66.2 +4.0−3.7 and
σ8 = 0.792
+0.060
−0.040, as shown in the seventh column of
the Table I. The tension with other H0 measurements is
then about 1.6σ. The new value for S8 (namely S8 =
0.826 +0.033−0.027) also reduces the tension with KiDS-450 [41]
to about 1.7σ.
V. RESULTS WITH THE POLARIZATION
DATA
In Table III, we report the 68% c.l limits on the DM-ν
scenario obtained using the polarisation data. For com-
parison, we also give the 68% c.l. limits3 obtained by
the Planck collaboration [33] for the LCDM scenario in
Table IV.
Assuming fixed values of Neff and Σmν , we find that
the use of the Planck polarization data generally slightly
improves the constraints of the strength of the Dark
3 https://wiki.cosmos.esa.int/planckpla2015/images/f/f7/
Baseline_params_table_2015_limit68.pdf
5ΛCDM + u + Neff + Neff + Σmν + Σmν + Neff + Σmν + Neff + Σmν
Parameter Planck TTTEEE Planck TTTEEE Planck TTTEEE Planck TTTEEE Planck TTTEEE Planck TTTEEE Planck TTTEEE Planck TTTEEE
+ lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing
Ωbh
2 0.02225 ± 0.00017 0.02225,+0.00017−0.00018 0.02218 ± 0.00028 0.02216 +0.00023−0.00025 0.02219 +0.00018−0.00017 0.02219 ± 0.00018 0.02212 +0.00029−0.00031 0.02210 +0.00025−0.00026
Ωch2 0.1198
+0.0016
−0.0015 0.1194 ± 0.0015 0.1190 +0.0035−0.0036 0.1179 ± 0.0030 0.1200 ± 0.0016 0.1197 +0.0015−0.0016 0.1188 +0.0038−0.0037 0.1185 ± 0.0032
τ 0.080 +0.016−0.018 0.066
+0.013
−0.015 0.078
+0.018
−0.019 0.065
+0.011
−0.015 0.082
+0.018
−0.017 0.073
+0.015
−0.016 0.080
+0.019
−0.021 0.071
+0.014
−0.016
ns 0.9639
+0.0053
−0.0052 0.9644
+0.0056
−0.0054 0.961 ± 0.011 0.9603 +0.0093−0.0095 0.9620 +0.0060−0.0056 0.9628 +0.0057−0.0055 0.959 +0.012−0.013 0.959 ± 0.010
ln(1010As) 3.093
+0.032
−0.035 3.065
+0.024
−0.027 3.087
+0.040
−0.041 3.059
+0.024
−0.030 3.099
+0.035
−0.033 3.079
+0.028
−0.031 3.092
+0.041
−0.043 3.072
+0.030
−0.034
H0[Km s−1 Mpc−1] 67.32 +0.70−0.71 67.50
+0.70
−0.71 66.8
+1.8
−1.9 66.8 ± 1.6 66.0 +2.3−1.2 66.1 +1.9−1.3 65.4 +2.8−2.5 65.4 +2.2−2.0
σ8 0.827
+0.016
−0.015 0.814
+0.013
−0.012 0.822 ± 0.023 0.809 +0.013−0.014 0.797 +0.049−0.023 0.789 +0.036−0.020 0.791 +0.052−0.050 0.784 +0.035−0.024
u < −4.1 < −4.1 < −4.0 < −4.0 < −4.1 < −4.2 < −3.9 < −4.3
Neff 3.046 3.046 2.98
+0.23
−0.24 2.94 ± 0.20 3.046 3.046 2.96 +0.23−0.28 2.95 +0.20−0.21
Σmν [ eV ] 0.06 0.06 0.06 0.06 < 1.9 < 1.5 < 2.0 < 1.6
Table III. 68% CL constraints on cosmological parameters with interactions, for the Planck TTTEEE + lowTEB and the
Planck TTTEEE + lowTEB + lensing combination of datasets. When only upper limits are shown, they correspond to 95%
c.l. limits.
ΛCDM + Neff + Neff + Σmν + Σmν + Neff + Σmν + Neff + Σmν
Parameter Planck TTTEEE Planck TTTEEE Planck TTTEEE Planck TTTEEE Planck TTTEEE Planck TTTEEE Planck TTTEEE Planck TTTEEE
+ lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing + lowTEB + lowTEB + lensing
Ωbh
2 0.02225 ± 0.00016 0.02226± 0.00016 0.02220 ± 0.00024 0.02216± 0.00023 0.02222 ± 0.00017 0.02219± 0.00017 0.02215 ± 0.00025 0.02208± 0.000025
Ωch2 0.1198 ± 0.0015 0.1193 ± 0.0014 0.1191 ± 0.0031 0.1178 ± 0.0030 0.1200 ± 0.0015 0.1198 ± 0.0015 0.1191 ± 0.0031 0.1184 ± 0.0030
τ 0.079 ± 0.017 0.063 ± 0.014 0.077± 0.0018 0.060 ± 0.014 0.083 ± 0.018 0.074 ± 0.017 0.081 ± 0.018 0.071 ± 0.018
ns 0.9645 ± 0.0049 0.9653 ± 0.0048 0.9620 ± 0.0097 0.9606 ± 0.0092 0.9639 ± 0.0050 0.9637 ± 0.0051 0.9610 ± 0.0099 0.9589 ± 0.0095
ln(1010As) 3.094 ± 0.034 3.059 ± 0.025 3.088 ± 0.038 3.049 ± 0.029 3.100 ± 0.034 3.081 ± 0.033 3.095 ± 0.039 3.071 ± 0.037
H0[Km s−1 Mpc−1] 67.27 ± 0.66 67.51 ± 0.64 66.8 ± 1.6 66.7 ± 1.5 66.3 +2.0−0.9 65.6 +2.5−1.4 65.8 +2.6−1.8 64.8 +2.5−2.1
σ8 0.831 ± 0.013 0.8150 ± 0.0087 0.828 ± 0.018 0.809 ± 0.013 0.812 +0.039−0.017 0.783 +0.040−0.020 0.807 +0.022−0.044 0.778 +0.038−0.024
Neff 3.046 3.046 2.99 ± 0.20 2.94 ± 0.20 3.046 3.046 2.98 ± 0.20 2.93 ± 0.19
Σmν [ eV ] 0.06 0.06 0.06 0.06 < 0.492 < 0.589 < 0.494 < 0.577
Table IV. 68% CL constraints on cosmological parameters without interactions, for the Planck TTTEEE + lowTEB and the
Planck TTTEEE + lowTEB + lensing combination of datasets. When only upper limits are shown, they correspond to 95%
c.l. limits.
Matter-neutrino interactions (see Fig. 3). For example,
instead of u < 10−4.0, we now find u < 10−4.3 using the
Planck TTTEEE + lowTEB + lensing datasets and the
scenario with nine parameters (see last column of Ta-
ble III). The rest of the parameters remain compatible
with ΛCDM values.
Similarly to the analysis performed in Section IV, we
also vary the effective number of relativistic degrees of
freedom Neff . However it remains consistent with the
standard model value, and so does the Hubble constant
H0 in this case (see, for example, the third column of the
Table III and IV).
Adding the polarization data however helps to relax
the bounds on massive neutrinos. The latter shifts from
Σmν < 0.492 eV for the Planck TTTEEE + lowTEB
datasets without interactions to Σmν < 1.9 eV for the
same combination of datasets in presence of interactions
(see the fifth column of Table IV and Table III respec-
tively). Furthermore, σ8 decreases a bit in presence of in-
teractions. We find σ8 = 0.797 +0.049−0.023 in presence of inter-
actions (σ8 = 0.789 +0.036−0.020 if we add the lensing dataset)
versus σ8 = 0.812 +0.039−0.017 (or σ8 = 0.783
+0.040
−0.020 if we add
the lensing dataset) in LCDM, as shown in the fifth and
six columns of Tables III and IV. Here again, we find
that the tension with the weak lensing measurements is
reduced. We obtain S8 = 0.832 +0.029−0.022 in presence of in-
teractions (and letting Σmν free to vary) for the Planck
TTTEEE+lowTEB datasets, which decreases the tension
with KiDS-450 to 1.8σ.
Finally, we observe a small shift in both values of H0
and σ8 with respect to LCDM when we either vary Neff ,
Σmν or both simultaneously. The upper bound on Σmν
is also relaxed with respect to the collisionless ΛCDM.
Adding the lensing dataset, we obtain H0 = 65.4 +2.2−2.0
and σ8 = 0.784 +0.035−0.024 (S8 = 0.820
+0.019
−0.015), as shown in
the eight column of the Table III. Whilst the new value
6of H0 does not remove completely the tensions between
the different observation datasets, it does reduce the S8
tension to 1.7σ.
We note that when the Dark Matter-neutrino interac-
tions are introduced, the scalar spectral index (nS) gets
very slightly shifted towards smaller values, for all the
dataset combinations and parameters considered in this
paper. This shift is due to the fact that the interactions
change all the acoustic peaks (see Fig. 1 and discussion
in Section II). In fact, they increase the low multipoles
due to the suppression of neutrino free-streaming and
decrease the high multipoles due to the collisional damp-
ing. Therefore, in order to reconcile the prediction of this
model with the observed angular power spectra, the in-
crease in the Hubble constant needs to be compensated
by a change in the spectrum tilt.
VI. RESULTS WITH R16
In this Section, we analyse again the models for which
the tension between the 2015 Planck and Riess et al. 2016
[32] value of H0 is less than 2σ. These correspond to the
scenarios where Neff is free to vary, when we ignored the
high multipole polarisation data. Applying a Gaussian
prior on the value ofH0, we obtain new constraints on the
cosmological parameters (68% C.L.) for the interacting
DM scenario, as shown in Table V.
We find that all the cosmological parameters are
shifted towards higher values, as can be seen by com-
paring the results from Table V with Table I. Moreover,
owing to the very well-known degeneracy between H0
and Neff (see Fig. 2), we find an indication for a dark
radiation at about 2σ by imposing the R16 prior. In par-
ticular, we find Neff = 3.54 ± 0.20 for the ΛCDM + u +
Neff scenario and Neff = 3.56 +0.19−0.26 for the ΛCDM + u +
Neff + Σmν model. A dark radiation component can be
explained by the existence of some extra relic component,
such as a sterile neutrino or a thermal axion [35, 37, 44–
46]. However, in these models, an increase in the value of
Neff may not be related to the presence of an additional
species. It could be related to dark matter annihilations
into neutrinos as they would reheat the neutrino fluid
and mimic an increase in the value of Neff [47, 48].
VII. CONCLUSION
In the ΛCDM model, dark matter is assumed to be
collisionless. This means that one arbitrarily sets the
dark matter interactions to zero to interpret the CMB
temperature and polarisation angular power spectra and
determine the cosmological parameters. Here we relaxed
the collisionless assumption and studied the impact of
DM-ν interactions on the cosmological parameters.
We performed a similar analysis to [28]. However this
time, we used the full 2015 Planck data [33] as they in-
clude both the high and low multipoles polarization spec-
tra and are more precise than the 2013 data. In general,
we observe that the introduction of dark matter-neutrino
interactions can break the existing correlation between
H0 and σ8. They can increase the value of H0 and si-
multaneously decrease the value of σ8, thus potentially
reducing the current tensions between the Planck data
and other measurements. However our main conclusions
are three-fold.
• The high multipole polarisation data prefer LCDM-
like models, though they do also predict a smaller
value for σ8 than LCDM.
• The DM-ν interactions do help to reduce the ten-
sion between the CMB and weak lensing esti-
mates [39–41] of the σ8 value, whatever the CMB
dataset under consideration. This is particularly
true when Neff and/or Σmν are kept as free pa-
rameters. However Neff remains compatible with
the Standard Model value, unless one also adds the
Cepheids measurements.
• DM-ν interactions can also help to reduce the ten-
sions between the CMB and Cepheid measurements
of the Hubble constant, if one disregards the high
multipole polarisation data. The combination of
the CMB + Cepheid datasets leads to a Hubble rate
value of about 72.1+1.5−1.7 km s
−1 Mpc−1 when Neff
is free to vary (and 71.9+1.6−1.8 km s
−1 Mpc−1 when
both Neff and Σmν are free). Under these condi-
tions, Neff can become as large as Neff = 3.54±0.20
or Neff = 3.56 +0.19−0.26 if Σmν can vary. In the latter
case, we find that the sum of neutrino masses could
reach up to 0.87 eV but the σ8 parameter remains
too high to reduce both the H0 and σ8 tensions
simultaneously.
Finally we note that whatever the datasets used and
hypothesis that we made, the DM-ν elastic scatter-
ing cross section cannot exceed σDM . 3 10−31 −
6 10−31 (mDM/GeV) cm2.
To conclude, DM-ν interactions do not enable to solve
both theH0 and σ8 tensions simultaneously, but they can
reduce them slightly nonetheless, if we ignore the high
multipole polarisation data. Furthermore the combina-
tion of the low multipole and Cepheid data [32] show that
such interactions have the potential to solve the H0 ten-
sion, if we ignore the σ8 tension. Should there be a good
reason to ignore the high multipole polarisation data, one
could potentially establish a link between the DM abun-
dance and the neutrino masses [21–25]. The DESI [53]
and Euclid4 surveys should be able to determine whether
such relatively large interactions were present in the early
Universe [52]. Such high values of the u ratio would ques-
tion our understanding of structure formation, as it is
expected that there would be little satellite companions
left in the Milky Way [49].
4 See http://sci.esa.int/euclid/.
7ΛCDM + u + Neff + Neff + Σmν
Parameter Planck TT Planck TT
+ lowTEB + R16 + lowTEB + R16
Ωbh
2 0.02278 +0.00026−0.00025 0.02278 ± 0.00027
Ωch2 0.1238
+0.0037
−0.0038 0.1240
+0.0035
−0.0045
τ 0.099 +0.019−0.021 0.100
+0.023
−0.021
ns 0.9898
+0.0088
−0.0094 0.990
+0.009
−0.010
ln(1010As) 3.143
+0.041
−0.039 3.145
+0.054
−0.037
H0[Km s−1 Mpc−1] 72.1 +1.5−1.7 71.9
+1.6
−1.8
σ8 0.850
+0.024
−0.018 0.846
+0.030
−0.025
u < −4.0 < −4.0
Neff 3.54 ± 0.20 3.56 +0.19−0.26
Σmν [ eV ] 0.06 < 0.87
Table V. 68% CL constraints on cosmological parameters with interactions, for the Planck TT + lowTEB + R16 combination
of datasets. If only upper limits are shown, they are at 95% c.l.
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